Active site ligand stabilization of quaternary structures of glutamine synthetase from Escherichia coli.
Auto-inactivated EScherichia coli glutamine synthetase contains 1 eq each of L-methionine-S-sulfoximine phosphate and ADP and 2 eq of Mn2+ tightly bound to the active site of each subunit of the dodecameric enzyme (Maurizi, M. R., and Ginsburg, A. (1982) J. Biol. Chem. 257, 4271-4278). Complete dissociation and unfolding in 6 M guanidine HCl at pH 7.2 and 37 degrees C requires greater than 4 h for the auto-inactivated enzyme complex (less than 1 min for uncomplexed enzyme). Release of ligands and dissociation and unfolding of the protein occur in parallel but follow non-first order kinetics, suggesting stable intermediates and multiple pathways for the dissociation reactions. Treatment of Partially inactivated glutamine synthetase (2-6 autoinactivated subunits/dodecamer) with EDTA and dithiobisnitrobenzoic acid at pH 8 modifies approximately 2 of the 4 sulfhydryl groups of unliganded subunits and causes dissociation of the enzyme to stable oligomeric intermediates with 4, 6, 8, and 10 subunits, containing equal numbers of uncomplexed subunits and autoinactivated subunits. With greater than 70% inactivated enzyme, no dissociation occurs under these conditions. Electron micrographs of oligomers, presented in the appendix (Haschemeyer, R. H., Wall, J. S., Hainfeld, J., and Maurizi, M. R., (1982) J. Biol. Chem. 257, 7252-7253) suggest that dissociation of partially liganded dodecamers occurs by cleavage of intra-ring subunit contacts across both hexagonal rings and that these intra-ring subunit contacts across both hexagonal rings and that these intra-ring subunit interactions are stabilized by active site ligand binding. Isolated tetramers (Mr = 200,000; s20,w = 9.5 S) retain sufficient native structure to express significant enzymatic activity; tetramers reassociate to dodecamers and show a 5-fold increase in activity upon removal of the thionitrobenzoate groups with 2-mercaptoethanol. Thus, the tight binding of ligands to the subunit active site strengthens both intra- and inter-subunit bonding domains in dodecameric glutamine synthetase.